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Abstract In daily clinical practice, the radiologist in the
context of diagnosis often faces dialysis-associated complica-
tions. The complications are numerous and range from infec-
tions, catheter dysfunctions, haematomas, cardiovascular dis-
eases, digital ischaemia, and pseudoaneurysms to shunt ste-
nosis. In this pictorial essay, we take a close look at the
imaging diagnostics of the most common complications in
dialysis patients.
Teaching Points
• The occurrence of venous stenosis in haemodialysis patients
is up to 41 %.
• Catheters usually have a fibrin sheath that can be rinsed but
not aspirated.
• The steal phenomenon occurs in 75–90 % of patients with a
shunt system.
• Arterial pseudoaneurysms can cause a number of
complications.
Keywords Dialysis . Complications . Infections . Shunt
stenosis . Catheter dysfunction . Cardiovascular diseases
Introduction
The number of patients requiring dialysis treatment is
continuously increasing, correlating with the increased
incidence of hear t diseases and diabetes [1] .
Haemodialysis, peritoneal dialysis (PD), and kidney
transplantation are available as renal replacement thera-
pies. Dialysis treatment results in both increased life
expectancy and better quality of life.
As with any treatment, there are method-specific com-
plications. Complications of haemodialysis are mostly
problems related to the vascular access, as seen with the
onset of stenosis, thrombosis, and infection of the shunt
system. Whereas thrombotic occlusion and infections or
circulatory problems are the primary causes in regard to
central venous catheters, the complications of peritoneal
dialysis are mostly catheter-related. Infections of the cath-
eter exit point and catheter tunnel, peritonitis, as well as
insufficient ultrafiltration and insufficient clearance in the
course of time are the most essential problems. Very
different information on this subject can be found in the
literature reports, where no age-dependent difference in
the incidence of peritonitis but advantages and disadvan-
tages for patients above 65 years of age [2, 3] are reported.
Due to the increasing number of patients who are elderly
and have multi-morbid conditions, the aforementioned
complications are occurring more frequently. This results
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in the necessity of constant medical care for dialysis patients. In
daily clinical practice, in the context of diagnosis, the radiolo-
gist faces a number of typical complications. In this study, we
would like to take a close look at the imaging diagnostics of the
most common complications in dialysis patients.
Effective haemodialysis requires flow rates of more than
300–400 ml/min. As a temporary means of vascular access,
usually only used in emergencies, especially due to acute renal
failure or a fistula thrombosis, a Shaldon catheter, named after
its developer, is mostly used today. The catheter allows
haemodialysis via two separate lumina. The catheter is pri-
marily positioned in the superior vena cava [vena cava supe-
rior (VCS)] or occasionally in the femoral vein [4].
For permanent treatment, the Demers-Katheter®, named
after Dr. Demers and developed in Darmstadt, is most suitable.
This catheter is fitted with subcutaneous tunneling and an
ingrowth cuff. Thus, the incidence of infections should be
reduced. This catheter is placed into the VCS, like the
Shaldon catheter. The tip of the catheter should thus be in
the right atrium to ensure adequate flow [5].
Dialysis fistula or dialysis shunt refers to a permanent,
surgically created connection between a vein and an artery.
This type of catheter grew in importance with the successful
installation of the Cimino-Brescia fistula [6]. If no usable
vessels can be located in the patient, vessels made of plastic
can be used. These consist of simple, small-volume tubes with
well-tolerated material [polytetrafluoroethylene (PTFE) such
as Gore-Tex®].
In contrast to haemodialysis, PD uses the peritoneum as a
natural filter membrane, so the patient is dialysed. The use of
PD has increased significantly in recent years. It operates on
the same principle as haemodialysis, but it bears a relatively
high risk of infection and requires good compliance.
Complications of the catheter system
Arterial failed puncture
Risk factors for the acute occurrence of an arterial failed
puncture during the insertion of a dialysis catheter are prior
irradiation of the implanted region or postoperative changes at
the insertion site [7]. In addition, patient obesity and lack of
expertise by the interventional radiologist play important roles
[7]. The error rate of failed arterial puncture without the aid of
ultrasound is 8.4 % [8]. The incidence of error is higher for the
internal jugular vein (VJI) than for the subclavian vein (VS)
[9]. Up to 30 % of failed arterial punctures can become
symptomatic and cause complications, as seen with the onset
of haematoma, haemothorax, and neurological deficits [9].
The optimal treatment management ranges from haemostasis
by compression to vascular surgery or an endovascular inter-
vention [10]. Since it is generally difficult to compress the
subclavian artery manually, aside from a vascular surgical
intervention, arterial occlusion by a suture, clip, or collagen-
based closure system is possible [10].
Haematoma
After implantation of the dialysis catheter, minor bleeding
from the puncture point occasionally occurs, which can be
treated, usually without much effort (Figs. 1 and 2).
The incidence of haematoma varies from 0.5 to 6.1 %
[11–13]. Causes may include multiple puncture attempts,
coagulopathies, or an incorrect technique. Occasionally, drain-
age or surgical removal is required for a larger haematoma.
Incorrect catheter position
Dysfunction is usually caused by incorrect position of the
central catheter. Thus, no adequate blood flow can be gener-
ated. The usual procedure attempted is to reposition the cath-
eter. If this is not possible, the implantation of a new catheter is
necessary. The localisation is usually determined based on an
x-ray (Figs. 3, 4a, b, 5, 6 and 7a, b).
Pneumothorax
The incidence of pneumothorax is stated to be 0–3.3 % in the
literature [10, 14]. Pneumothorax is a dreaded complication
that can cause a life-threatening situation. Prompt and ade-
quate treatment is required. Drain implantation may
Figs. 1 and 2 A 43-year-old
female patient with a newly
placed central venous catheter.
Non-contrast CT of the upper
thorax with axial reconstruction
illustrates unsuccessful catheter
implantation with a space-
occupying lesion in the left and
right chest wall (white arrows),
which is partly solid, as seen with
haematoma
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occasionally be required. Pneumothorax occurs more often
when inserting the catheter via the VS than via the VJI [7].
Air embolism
Air embolism occurs rarely; its incidence is stated to be up to
0.8 % in the literature [14, 15]. It can be observed directly
under fluoroscopy, by the acoustic, audible escape of air from
the vascular sheath, and by a sudden decrease in saturation.
Symptomatic air embolism can be treated by the
Trendelenburg position, increasing of the central pressure by
volume addition, the Valsalva manoeuvre, and the adminis-
tration of 100 % oxygen. The mortality rate is 23–50 % [16,
17].
Nerve injuries
Nerve injury is a rare complication with an incidence of 1.6 %
[18]. It may result in injuries to the brachial plexus, sympa-
thetic trunk, and recurrent laryngeal nerve with the result of
vocal cord paralysis [19–23]. The reasons for this are mostly
direct trauma caused by the puncture needle, pneuropraxia by
compression of the nerves because of haematoma, and fibrosis
[22–24]. Function recovery can take up to 12 months [22].
Cardiac arrhythmia
In very rare cases, inserting the catheter via a guide wire can
lead to cardiac arrhythmias, which are often asymptomatic.
The risk of heart block or cardiac arrest is low, however [9].
The incidence of atrial fibrillation ranges from 0.1 to 0.9 %. It
is usually caused by the irritation of the right atrial wall by the
catheter tip. Persistent arrhythmia is treated pharmacologically
or by electrocardioversion. Catheter removal is imperative.
Catheter-associated stenosis and thrombosis
Venous catheter-associated stenosis is a common complica-
tion. The occurrence of venous stenosis in haemodialysis
Fig. 3 The chest x-ray (anterior-posterior view) of a 50-year-old female
shows the incorrect position of the catheter. The catheter tip is displayed
proximally in the area of the right innominate vein (black arrow)
Fig. 4 a, b. On the chest x-ray
(posterior-anterior and lateral
views) of this 87-year-old male
patient with a new central catheter
set to the left, the incorrect
position becomes visible. The
catheter tip is turned upward in
the right innominate vein (black
arrow)
Fig. 5 A 67-year-old male patient with a broken central catheter on the
left on chest x-ray (PAview). The distal part of the broken central catheter
is dislocated in the area of the right ventricle (black arrows). The second
central catheter on the left is in the regular position
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patients is stated to be up to 41 % in the literature [25].
Mechanisms that can lead to the induction of venous stenosis
are endothelial damage during the implantation process, dam-
age caused bymovement of the catheter tip, flow changes, and
inflammatory reactions of the vessel wall. Isolated swelling of
the face or an extremity is a clinical indicator of complete
central venous stenosis [10]. Frequently, dilated neck veins are
visible as a sign of the formation of collateral circulation.
Phlebography is the gold standard for the diagnosis of steno-
sis. Primarily, the therapy of venous stenosis should occur
symptomatically. Venous collaterals generally form rapidly,
providing venous effluent and alleviating the symptoms. If the
affected vein is needed for further haemodialysis and the
symptoms do not weaken with the therapy, percutaneous
transluminal angioplasty (PTA) is indicated for these patients
to allow reimplantation [26]. If a single angioplasty does not
promise success, then stent implantation should be consid-
ered. Another risk factor for the development of venous ste-
nosis is a twisted course of the dialysis catheter in the body.
Thus, they are more common with catheters implanted via the
VS than via the VJI because the straight course of the VJI has
a low risk for the development of stenosis [27].
The activation of blood coagulation occurs through dialysis
catheters, which represent an intravascular foreign object. The
incidence of catheter-associated thrombosis depends on nu-
merous risk factors. Catheter material, catheter diameter, and a
complication-rich catheter implantation with consecutive en-
dothelial damage predispose patients to the formation of ve-
nous thrombosis. The incidence of catheter-associated pulmo-
nary embolism is 15–25 % [28]. Primary thromboprophylaxis
has a dubious value in oncological patients and no significant
benefit [29]. Occasionally, catheter-associated thrombosis
may cause pressure-sensitive swelling of the affected extrem-
ity. Sonography or a phlebography is required for diagnostics.
The catheter should be removed in the case of symptomatic
thrombosis. If the catheter tip is free of thrombotic deposits,
the catheter can remain in place. The thrombosis of the
catheter-bearing vein should be treated. Therapy with
anticoagulation is essential to prevent progression of the de-
posits. Oral anticoagulation for up to 6months with an optimal
level of 2 to 3 of the international normalised ratio (INR) is
recommended. In severe cases, thrombolytic therapy should
be initiated. A fibrinolytic applied directly into the thrombus
has an advantage over systemic or regional thrombolysis
because less fibrinolytic agent is needed and thus fewer side
effects occur [30]. Mechanical thrombectomy should occur
either surgically or by means of percutaneous aspiration
thrombectomy or fragmentation catheters (Figs. 8 and 9).
In dialysis catheters, a fibrin coating can form that wraps
around the catheter. A definite cause for the formation of the
fibrin sheath is unclear. The fibrin sheath can extend to the
catheter end and close it. The intravascular portion of the
haemodialysis catheter should be suspected to have a fibrin
sheath when it can be rinsed but not aspirated. After the
catheter implantation, a fibrin sheath can form after only
24 h, with an incidence of 13–57 % [31]. The treatment
measures range from fibrinolysis or stripping of the fibrin
sheath to perforation of the fibrin sheath by means of a guide
Fig. 6 Angiographic intervention for correcting the incorrect position of
a central catheter in a 74-year-old male patient. After local anaesthesia,
the femoral vein is punctured in the right groin. By means of a guide wire
and catheter probing of the left innominate vein, the dislocated catheter is
grasped with a sling and removed (black arrow)
Fig. 7 a, b. Fluoroscopy of this
70-year-old male patient shows a
floating dialysis catheter. The
catheter tip is displayed lying on
the border of the atrium ventricle.
When seated, the catheter tip
migrates into the innominate vein
(black arrow)
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wire. Fibrinolysis is preferable to the stripping of the fibrin
sheath because it is not invasive; moreover, it is less expensive
and can be administered in a hospital room. This treatment
method is often preferred by patients, and it has a lower rate of
complications. The success rate of urokinase is reported to be
76–97 %, without adverse complications [32–35]. Mechanical
removal (stripping) can be offered to patients as an alternative
where fibrinolysis is unsuccessful. Here, the catheter end is
grasped through a femoral-inserted sling and is freed by
pulling of the fibrin material. The disadvantage here is the high
cost of the grasping sling. With an open end in the catheter,
catheter function can be restored with perforation of the fibrin
sheath by means of a guide wire. If the above measures are not
successful, a catheter exchange is imperative for adequate
haemodialysis, whereby the existing fibrin layers in the vessel
must be severed using an angioplasty balloon [36] (Fig. 10).
Infection
One of the most important and common complications is
infection. It leads to increased mortality and morbidity and
high costs [37, 38]. Staphylococcus aureus and candida have a
higher affinity for polyvinylchloride catheters than for Teflon
catheters. Long-term catheters do not come out of the skin
exactly at the puncture site; they are partially guided under the
skin before they emerge from the skin surface.
During implantation, germ transmission can occur because
of non-sterile conditions; cutaneous germs can penetrate even
at the exit site. At the exit site and in a possibly existing tunnel,
an inflammatory reaction can occur. From there, bacteria may
be transported into the bloodstream. Infections that occur
within 10 days after implantation are usually caused by skin
flora and subsequently by intraluminal catheter colonisation
[39–41].
Fig. 9 An 84-year-old female patient with a central venous catheter.
Contrast CT of the upper thorax with axial reconstruction. The most
striking finding is shown on both the shoulder girdle and in the thoracic
wall in the area of the internal mammary group, where there are extensive
mediastinal collateral veins with large calibre and a strongly contrasted
azygos vein. The internal jugular veins show a slight difference, with a
larger calibre right versus left internal jugular vein in the neck portion;
however, free contrast is seen on both sides. Finally, a contrast media
segment appears in the area of the vena bracheocephalica after the
confluence of the innominate vein on the superior vena cava close to
the wall, where the remainder of the vessel around the Permcath, which
has been inserted from the right, is more distended and does not show
contrast (white arrow). This primarily corresponds to a longer vena cava
superior thrombosis segment around the catheter
Fig. 10 The fluoroscopy of a 65-year-old male patient after contrast
media application shows lamellar contrast defects around the tip of the
dialysis catheter, as seen with the onset of a fibrin sheath (white arrow)
Fig. 8 Fluoroscopy of a 78-year-old male patient after contrast media
application. The contrast media builds up in the superior vena cava
around the catheter, indicating a larger thrombus formation that could
occlude the superior vena cava (black arrow). The contrast media outflow
from the arterial leg occurs distally via the hemiazygos vein (black arrow)
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The rate of infection increases exponentially with the time
of use of the catheter [42]. Non-tunneled catheters are associ-
ated with a very high infection rate in the 2nd to the 4th week.
In VJI catheters, the incidence of bacteremia after 3 weeks is
5.4 % and increases to 10.3 % within 4 weeks after implanta-
tion [43]. Strict observation of the hygienic measures is an
important approach in the implantation of a dialysis catheter.
Antibiotic therapy should always be administered together
with the removal of the dialysis catheter.
Complications of a peritoneal dialysis catheter
Catheter dysfunction
Dysfunction is usually caused by the incorrect position of the
central catheter. Thus, no adequate blood flow can be gener-
ated. In such cases, it is typical to attempt to reposition the
catheter. If this is not possible, the implantation of a new
catheter is necessary. Its tip should be in the pelvis to accom-
plish adequate dialysis. The volume of the dialysate drain
from the catheter tip is significantly lower in the middle
abdomen than in the lower abdomen. The location is usually
determined by means of an x-ray (Fig. 11a, b).
Haematoma
After implantation of the PD, minor bleeding from the punc-
ture site occasionally occurs, which can usually be treated
without much effort.
Dialysate leaks
A dialysate leak as a complication occurs in more than 5 % of
cases of dialysis patients and is commonly of no clinical
significance [44]. It can occur in an early form within 30 days,
whereby the etiology is usually catheter related, or in a late
form after 30 days, often because of a mechanical or surgical
rupture in the peritoneal membrane. With increased intra-
abdominal pressure because of the dialysate, the likelihood
of occurrence of a leak from the peritoneal cavity increases.
Other mechanisms that increase intra-abdominal pressure,
such as coughing or obesity, may also be responsible for leaks
[44, 45] (Fig. 12).
The access point of the catheter represents an obvious
weakness of the abdominal wall. Other potential locations
for a leak are weak points in the abdominal wall from surgical
defects that occurred, pleuro-peritoneal connections in the
thoracic cavity associated with pleural effusion, and persistent
processus vaginalis [46]. Every now and then, there may be a
retroperitoneal leak, which is rarely recognised clinically.
However, it is of great importance because it can be the cause
Fig. 11 a, b. Abdominal x-ray
(AP and lateral views) of this 27-
year-old female patient
demonstrates incorrect
positioning of a peritoneal
dialysis catheter in the region of
the right upper abdomen (black
arrow)
Fig. 12 Non-contrast CT of the abdomen with axial reconstruction in an
80-year-old male patient. Accumulation of contrast media administered
via a peritoneal catheter is seen in the area of the straight and oblique
abdominal muscles on the left side in close relationship to the entry of the
catheter through the abdominal wall (white arrow) and on the right side
along the oblique abdominal muscles, here probably located subfascially.
The change is caused by a leak
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of acute dialysis insufficiency, which may impair a dialysis
treatment, and in some cases, it even requires surgical inter-
vention [47].
Hydrothorax
A dialysate leak in the pleural cavity can result in a hydrotho-
rax, a rare but potentially life-threatening complication that
can occur shortly after the initiation of peritoneal dialysis or
several years afterward. It occurs most frequently on the right
side [48]. Dyspnoea is the earliest clinical manifestation of a
pleuro-diaphragmatic leak. A leak can result from diaphrag-
matic defects or lymphatic transport via the diaphragm. The
diagnosis of a pleuroperitoneal leak is confirmed by pleural
fluid analysis with a high glucose concentration in the transu-
date and a normal glucose concentration in the blood [49]. A
pleural effusion is visible when taking x-rays of the lung. An
interruption of the peritoneal dialysis can result in a reduction
of the hydrothorax after 2 to 6 weeks. Surgical intervention or
pleurodesis is indicated for a recurrent dialysate leak.
Pleurodesis is used more often for a lymphatic leak than for
a diaphragmatic leak [48].
Infections
In peritoneal dialysis, bacterial infections often result in peri-
tonitis, which usually manifests in fever and abdominal pain.
The standard therapy for bacterial infections is antibiotic
therapy without interruption of the dialysis. However, this
does not always lead to the desired success. In therapy-
resistant cases, the catheter should be removed. There is a
possibility that bacteria may grow in the interior of the cath-
eter, especially when the work is done in an unhygienic
manner; blood runs back into the catheter and is not rinsed
out immediately. As a result, tiny clots often form on the
catheter wall, providing a suitable breeding ground for bacte-
ria. They can enter the bloodstream and cause fever during the
next infusion. Occasionally, a general infection (sepsis) may
arise with complications such as spondylodiscitis or endocar-
ditis. As a rule, in such a case, the catheter is removed;
however, antibiotic therapies may also be attempted. About
39 % of catheter removals are because of an infection at the
exit site or a tunnel infection that does not respond to antibi-
otics [50]. Clinically, it is important to recognise whether a
catheter infection exists at the exit site, since it has a greater
risk of not responding to antibiotics and more often results in
catheter removal [51, 52]. Infections at the exit site and tunnel
infections are characterised by erythaema and pressure pain.
Especially with PD, ultrasound is very well suited for the
detection of latent infections [51, 52]. The application of
ultrasound is enormously important during follow-up, be-
cause in case of persistence of fluid collection over a period
of more than 2 weeks of antibiotic shielding, a catheter change
is recommended. Otherwise, there is a risk of peritonitis
(Figs. 13, 14, 15, and 16).
Hernias
Hernias are a frequent complication because of an increase in
intra-abdominal pressure and peritoneal defect generated by
the catheter implantation, which occur in up to 25 % of the
cases of dialysis patients, mostly umbilical next to the




examination shows a hypoechoic
structure along the dialysis
catheter in the subcutis, which
corresponds to inflammatory
changes (white arrow)
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peritoneal dialysis catheter and in the inguinal channel [53].
They can lead to a dialysate leak and incarcerations and
strangulation of bowel loops, which usually require surgical
intervention (Figs. 17 and 18).
Subcapsular hepatic steatosis
Subcapsular hepatic steatosis is a rare form of accumulation of
fat within the liver, first described in 1989 by Wanless et al.
[54]. According to the literature, it occurs in about 18 % of
peritoneal dialysis patients [55]. It is caused by the contact of
subcapsular hepatocytes with insulin of the dialysate injected
into the peritoneal cavity. On ultrasound, it can be identified as
echogenic nodules or scar tissue or as hypodense subcapsular
areas on CT, generating a signal drop on the opposed-phase
weighted MRT images. Termination of dialysis can lead to a
regression [55]. Normally, no malfunction of the liver is
caused, and the disease is of no clinical significance.
However, it is appropriate to recognise these areas properly
to prevent further unnecessary examinations.
Fig. 15 Allergic reaction to the
catheter material, which led to
eosinophilic peritonitis. A
hypoechoic formation around the
catheter is recognisable on the
ultrasound images of this 71-year-
old female patient (white arrow)
Fig. 14 Ultrasound examination
demonstrates a hypoechoic
formation around the dialysis
catheter in a 23-year-old female
patient with tunnel infection
(white arrow)
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Complications of the shunt system
Digital ischaemia The steal phenomenon occurs in 75–90 %
of patients with a shunt system [56–58]. Usually, the steal
phenomenon is clinically silent, and the patient remains
asymptomatic. The steal phenomenon becomes steal syn-
drome when compensatory mechanisms to maintain periph-
eral arterial perfusion fail. Risk factors for a steal syndrome
are female gender, age over 60 years, and diabetes mellitus
[59]. Steal syndrome is characterised by pain at rest, pain
during haemodialysis sessions, ulcer formation, and mostly
acral necrosis. The most common form of steal syndrome is a
fistula with a high flow volume, the so-called high-flow
fistula. The retrograde flow drains so much blood from the
extremity peripheral of the fistula that ischaemia results. The
cause is usually venous resistance that is too low (Fig. 19).
Cardiovascular diseases Another group of possible compli-
cations during dialysis affects the heart. Cardiovascular dis-
eases are common causes of death among dialysis patients
Fig. 16 18F-FDG PET examination with axial, sagittal, and coronary reconstruction depicts focal uptake in the right upper abdomen in a 65-year-old
female haemodialysis patient in the context of a peritoneal infection (white arrow)
Fig. 17 A hernial opening in the
abdominal wall with a sharply
defined hernia sac of about 4 cm
is recognisable on the ultrasound
images of this 72-year-old female
patient (black arrow)
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[60]. During dialysis, pericarditis with the accumulation of
fluid in the pericardium can occur. This leads to a compression
of the heart, which then can no longer move optimally [61,
62]. In such cases the pericardial effusion should be punc-
tured. Cardiac arrhythmias and left ventricular hypertrophy
often arise in dialysis [63] (Fig. 20).
Pseudoaneurysms Multiple punctures of the vessel wall can
resul t in a circumscribed area in aneurysms or
pseudoaneurysms. They can arise from venous segments or
the original artery. Venous pseudoaneurysms have a low com-
plication rate, but arterial pseudoaneurysms can cause a num-
ber of complications, such as ectasia, rupture, arterial throm-
bosis, and steal syndrome. Percutaneous ultrasound-aided
thrombin injection is usually more effective than ultrasonic-
assisted compression (Figs. 21a, b, 22 and 23a, b).
Shunt stenoses Shunt stenoses are bottlenecks within a blood
vessel. A stenosis may be congenital or acquired. With ac-
quired stenoses, a distinction is made between post-traumatic
stenoses, such as the so-called induced stenoses (“kinking”),
and surgically created stenoses (“banding”) [64].
Post-traumatic lesions are caused by intraoperative trauma
because of dissection and separation with destruction of the
vasa vasorum or by lesions in the vein wall or in a venous
Fig. 18 Contrast-enhanced CT scan with axial reconstruction shows a
hernial opening with a hernial sac median in the abdominal wall of this
69-year-old male patient (white arrow)
Fig. 19 Distal to the
arteriovenous fistula, retrograde
flow is recognised on duplex
sonography in the radial artery,
which indicates the steal
phenomenon in this 58-year-old
male patient (white arrow)
Fig. 20 Chest x-ray depicts left ventricular hypertrophy in a 79-year-old
male patient with a dialysis shunt and increased cardiac output (black
arrow)
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valve caused by punctures. The induced stenoses include
(sub)intimal hyperplasia due to the increased shear stress of
turbulent blood flow in the shunt vein with mechanical strain
on the endothelial layer and/or the underlying smooth vascular
muscle layer. Consequently, it may lead to the migration of
myofibroblasts and vascular smooth muscle cells from the
media into the intima. They can proliferate and produce ex-
tracellular matrix [65].
Stenoses can be partially treated by appropriate punc-
ture techniques. If a stenosis in the area of the fistula or
the interponat is suspected, gaining dialysis access has
absolute priority. The surgery should be done in such a
way that at least a part of the access can be punctured
immediately so the implantation of a temporary dialysis
catheter can be avoided. Stenoses in the area of the
arterial anastomosis, so-called type I stenoses, can be
treated interventionally. In addition to percutaneous trans-
luminal angioplasty (PTA), particularly for scarred steno-
ses, a “cutting balloon” technique can be applied to treat
the stenosis and to improve the arterial inflow. Type II
stenoses, which occur in the area of the fistula vein at the
puncture site, should be treated interventionally. Thus,
after PTA, the puncture area can be used again immedi-
ately for dialysis. Recurrent stenoses are an indication for
surgical intervention by means of a (venous) patch or
(prosthetic) interponate. Stenoses of the fistula veins at
their confluence into the deep venous system, type III
stenoses, occasionally appear in brachiocephalic fistulas
and after basilica transposition. They can be treated using
PTA but have a high risk of recurrence. Here, it is
possible to perform a stent implantation in the same
session to preserve the dialysis access (Fig. 24a, b, c).
Fig. 21 a, b. An aneurysma
spurium is shown on duplex
sonography in an area of palpable
resistance laterally on the middle
forearm in this 69-year-old female
patient (black arrow). The
aneurysm neck is 2 mm wide
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Fig. 22 In an area of palpable
swelling on the left forearm, the
radial artery shows an
aneurysmatic enlargement with a
length of approximately 2 cm and
a width of about 1 cm on duplex
sonography in this 53-year-old
male patient (black arrow). It then
becomes regularly narrower.
Additionally, thrombotic deposits
are shown in this region (white
arrow)
Fig. 23 a, b. The AV fistula
(Gore-Tex sling) is open in this
duplex sonography image from a
57-year-old female patient. In the
distal third of the venous portion,
located between the two puncture
sites, a partially thrombosed
aneurysm spurium can be
identified (black arrow)
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Discussion
Discussion
In recent years, there has been a reorientation away from
surgery and toward interventional radiology for the insertion
of dialysis catheters. Fluoroscopy improves the success rate of
dialysis catheter insertion and reduces complications.
Additionally, interventional radiology plays an important role
in the diagnosis and management of complications of the
dialysis catheter system [66].
PD is a treatment option for patients with end-stage renal
failure and has been used with increasing frequency in recent
years because it allows for better quality of life because of
superior patient mobility and independence and because of the
simplicity of its use, along with clinical advantages such as
lower mortality and the maintenance of residual renal func-
tion. PD is a common alternative to haemodialysis for patients
with end-stage renal disease. Infection is a common compli-
cation of PD, but this can usually be resolved with intraperi-
toneal administration of antibiotics without interruption of
dialysis. Numerous other complications related to this method
of dialysis have been described, including catheter dysfunc-
tion, haematoma, dialysate leak, and hydrothorax.
Complications of PD may cause a temporary or permanent
loss in dialysis functionality, with resultant impairment of the
patient’s condition. The radiologist plays an important role in
detecting complications at an early stage to prevent their
progression [53].
Duplex sonography is a useful diagnostic method in addi-
tion to angiography because of its ability to provide a guide for
radiological intervention and to be noninvasive. It provides
physiologic and anatomic information for evaluating the ther-
apeutic success of an intervention. Sonographic findings such
as arterial steal syndrome are much better demonstrated
sonographically than angiographically, and sonography
is the method of choice when this diagnosis is
suspected. It is also a useful method if graft infection
is suspected. A large number of patients often have
mild or transient impaired function of access fistulas.
In such cases, noninvasive duplex sonographic assess-
ment is often helpful to avoid an unnecessary invasive
intervention. When duplex sonography shows no signif-
icant haemodynamic impairment, the patient does not
need to undergo angiographic intervention. This may
help to decrease the rate of angiographic intervention.
In addition, conventional duplex and color Doppler so-
nography can specifically and noninvasively demon-
strate and help to characterise many complications of
vascular access for haemodialysis, including thrombosis,
stenosis, arterial steal syndrome, and pseudoaneurysm
formation [56–59].
Conclusion
The exact imaging diagnostics of a dialysis-associated com-
plication plays an important role in the clinical control and
progression. For this reason, the radiologist should be familiar
with frequent complications encountered with the respective
haemodialysis system to avoid unnecessary delays in diagno-
sis and therapy.
Open AccessThis article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
Fig. 24 a, b, c. Angiography of the venous shunt in the left thigh in this
70-year-old male patient shows a proximal short segment of bottleneck
just distal to the anastomosis in the distal left thigh (black arrow). Venous
access occurs via the common femoral vein, whereby after passage of the
intact vena saphena flaps, a 2-cm flow-limiting high-grade anastomosis
stenosis on the transition of the POP1/POP2 segment is shown retro-
gradely. A balloon dilatation (PTA) could be performed without compli-
cations for significantly improved shunt function (black arrow)
Insights Imaging (2014) 5:603–617 615
References
1. Atkins RC (2005) The changing patterns of chronic kidney disease:
the need to develop strategies for prevention relevant to different
regions and countries. Kidney Int Suppl 9(98):83–85
2. Holley JL, Bernardini J, Perlmutter JA, Piraino B (1994) A compar-
ison of infection rates among older and younger patients on contin-
uous peritoneal dialysis. Perit Dial Int 14(1):66–69
3. De Vecchi AF, Maccario M, Braga M, Scalamogna A, Castelnovo C,
Ponticelli C (1998) Peritoneal dialysis in nondiabetic patients older
than 70 years: comparison with patients aged 40 to 60 years. Am J
Kidney Dis 31(3):479–490
4. Shaldon S, Chiandussi I, Higgs B (1967) Hemodialysis by percuta-
neous catheterization of the femoral artery and vein with regional
heparinisation. Lancet 2:857
5. Demers HG, Siebold G, Geier J et al (1986) Dialyse ohne Shunt:
Silikonkatheter im rechten Vorhof. Nieren- u Hochdruckkrankheiten
15:460
6. Brescia MJ, Cimino JE, Appel K et al (1966) Chronic haemodialysis
using venipuncture and surgically created arteriovenous fistula. N
Engl J Med 275(20):1089–1092
7. Eisen LA, Narasimhan M, Berger JS et al (2006) Mechanical com-
plications of central venous catheters. J Intensive CareMed 21:40–46
8. Troianos CA, Jobes DR, Ellison N (1991) Ultrasound guided cannu-
lation of the internal jugular vein. A prospective, randomized study.
Anaesthesiol Analg 72:823–826
9. Kusminsky RE (2007) Complications of central venous catheteriza-
tion. J Am Coll Surg 204:681–696
10. Gebauer B, Beck A, Wagner H-J (2008) Central venous catheters:
detection of catheter complications and therapeutical options.
Radiologie up2date
11. Cajozzo M, Quintini G, Cocchiera G (2004) Comparison of central
venous catheterization with and without ultrasound guide. Transfus
Apher Sci 31:199–202
12. Mey U, Glasmacher A, Hahn C et al (2003) Evaluation of an
ultrasound-guided technique for central venous access via internal
jugular vein in 493 patients. Support Care Cancer 11:148–155
13. Chan LL, Tan BS, Kaw GJ et al (1999) Radiological placement of
211 central venous catheters: outcome and complications. Ann Acad
Med Singap 28:481–487
14. Tseng M, Sadler D, Wong J et al (2001) Radiological placement of
central venous catheters: rates of success and immediate complica-
tions in 3412 cases. Can Assoc Radiol J 52:379–384
15. Trerotola SO, Johnson MS, Harris VJ et al (1997) Outcome of
tunnelled hemodialysis catheters placed via the right internal jugular
vein by interventional radiologists. Radiology 203:489–495
16. Heckmann JG, Lang CJ, Kindler K et al (2000) Neurologic manifes-
tations of cerebral air embolism as a complication of central venous
catheterization. Crit Care Med 28:1621–1625
17. Kashuk JL, Penn I (1984) Air embolism after central venous cathe-
terization. Surg Gynecol Obset 159:249–252
18. Gibson SP, Mosquera D (1991) Five years experience with the
Quinton Permcath for vascular access. Nephrol Dial Transplant 6:
269–274
19. Smith BE, Modiel JH, Gaub ML et al (1965) Complications of
subclavian vein catheterization. Arch Surg 90:228e9
20. Parkin RK (1972) Horner’s syndrome: a complication of percutane-
ous catheterization of the internal jugular vein. Anaesthesia 27:327–
329
21. Davis P, Watson O (1982) Horner’s syndrome and vocal cord paral-
ysis as a complication of percutaneous internal jugular vein catheter-
ization in adults. Anaesthesia 37:587–588
22. Martin-Hirsch DP, Newbegin CJR (1995) Right vocal fold paralysis
as a result of central venous catheterization. J Laryngol Otol 109:
1107–1108
23. Sim D, Robertson MRI (1989) Right vocal cord paralysis after
internal jugular vein cannulation. J Laryngol Otol 103:424
24. Fearon PV, RoyD,McGarry GW (2001) An unusual iatrogenic vocal
cord paralysis. CMEBull Otorhinolaryngol Head Neck Surg 5:20–21
25. MacRae JM, Ahmed A, Johnson N et al (2005) Central vein stenosis:
a common problem in patients on hemodialysis. ASAIO J 51:77–81
26. Foundation NK (2001) K/DOQI clinical practice guidelines for vas-
cular access. Am J Kidney Dis 37:137–181
27. Schwab SJ, Beathard G (1999) The hemodialysis catheter conun-
drum: hate living with them, but can’t live without them. Kidney Int
5:1–17
28. Verso M, Agnelli G (2003) Venous thromboembolism associated
with longterm use of central venous catheters in cancer patients. J
Clin Oncol 21:3665–3675
29. Akl EA, Kamath G, Yosuico Vet al (2008) Thromboprophylaxis for
patients with cancer and central venous catheters: a systematic review
and meta-analysis. Cancer 112:2483–2492
30. Vedantham S, Thorpe PE, Cardella JF et al (2006) Quality improve-
ment guidelines for the treatment of lower extremity deep vein
thrombosis with use of endovascular thrombus removal. J Vasc
Interv Radiol 17(3):435–447
31. Suhocki PV, Conlon PJ, Knelson MH et al (1996) Silastic cuffed
catheters for hemodialysis vascular access: thrombolytic and me-
chanical correction of malfunction. Am J Kidney Dis 28:379–386
32. Haire WD, Lieberman RP (1992) Thrombosed central venous cath-
eters: restoring function with 6 h urokinase infusion after failure of
bolus urokinase. JPEN J Parenter Enteral Nutr 16:129–132
33. Horne MK III, Mayo DJ (1997) Low-dose urokinase infusions to
treat fibrinous obstruction of venous access devices in cancer pa-
tients. J Clin Oncol 15:2709–2714
34. Northsea C (1994) Using urokinase to restore patency in double
lumen catheters. Am Nephrol Nurses Assoc J 21:261–264
35. Haire WD, Lieberman RP, Lund GB et al (1990) Obstructed central
venous catheters: restoring function with a 12 h infusion of low dose
urokinase. Cancer 66:2279–2285
36. Duszak R Jr, Haskal ZJ, Thomas-Hawkins C et al (1998)
Replacement of failing tunnelled hemodialysis catheters through
pre-existing subcutaneous tunnels: a comparison of catheter function
and infection rates for de novo placements and over-the-wire ex-
changes. J Vasc Interv Radiol 9:321–327
37. United States Renal Data System (1999) Annual Data Report. U.S
Department of Health and Human Services Public Health Service.
National Institutes of Health. USRDS 89–100
38. Bloembergen BE, Port FK (1996) Epidemiological perspective on
infections in chronic dialysis patients. Adv Ren Replace Ther 3(3):
201–207
39. Raad I, Costerton W, Sabharwal U et al (1993) Ultrastructural anal-
ysis of indwelling vascular catheters: a quantitative relationship be-
tween luminal colonization and duration of placement. J Infect Dis
168:400–407
40. Raad I, Darouiche R, Dupuis J et al (1997) Central venous catheters
coated with minocycline and rifampicin for the prevention of
catheter-related colonization and bloodstream infections. A random-
ized double blind trial. The Texas medical center catheter study
group. Ann Intern Med 127:267–274
41. Raad I, Hanna H (1999) Nosocomial infections related to use of
intravascular devices inserted for long term vascular access. In:
Mayhall C (ed) Hospital epidemiology and infection control.
Lippincott Williams & Wilkins, Philadelphia, pp 165–172
42. Oliver MJ (2001) Acute dialysis catheters. Semin Dial 14:432–435
43. Oliver MJ, Callery SM, Thorpe KE et al (2000) Risk of
bacteraemia from temporary hemodialysis catheters by site of
insertion and duration of use: a prospective study. Kidney Int
58:2543–2545
44. LeblancM, Ouimet D, Pichette V (2001) Dialysate leaks in peritoneal
dialysis. Semin Dial 14(1):50–54
616 Insights Imaging (2014) 5:603–617
45. Tzamaloukas AH, Gibel LJ, Eisenberg B et al (1990) Early and late
peritoneal dialysate leaks in patients on CAPD. Adv Perit Dial 6:64–71
46. Taylor PM (2002) Image-guided peritoneal access and management
of complications in peritoneal dialysis. Semin Dial 15(4):250–258
47. Lam MF, Lo WK, Tse KC et al (2009) Retroperitoneal leakage as a
cause of acute ultrafiltration failure: its associated risk factors in
peritoneal dialysis. Perit Dial Int 29(5):542–547
48. Bargman JM (1993) Complications of peritoneal dialysis related to
increased intra-abdominal pressure. Kidney Int Suppl 40:75–80
49. Kanaan N, Pieters T, Jamar F, Goffin E (1999) Hydrothorax compli-
cating continuous ambulatory peritoneal dialysis: successful manage-
ment with talc pleurodesis under thoracoscopy. Nephrol Dial
Transplant 14(6):1590–1592
50. Lindblad AS (1989) Complications of peritoneal catheters. In:
Lindblad AS, Novak JW, Nolph KD (eds) Continuous ambulatory
dialysis in the USA: final report of the National CAPD Registry.
Kluwer, Dordrecht, pp 157–166
51. Korzets Z, Erdberg A, Golan E et al (1996) Frequent involvement of
the internal cuff segment in CAPD peritonitis and exit-site infec-
tion—an ultrasound study. Nephrol Dial Transplant 11(2):336–339
52. Plum J, Sudkamp S, Grabensee B (1994) Results of ultrasound-
assisted diagnosis of tunnel infections in continuous ambulatory
peritoneal dialysis. Am J Kidney Dis 23(1):99–104
53. Stuart S, Booth TC, Cash CJ et al (2009) Complications of continu-
ous ambulatory peritoneal dialysis. Radiographics 29(2):441–460
54. Wanless IR, Bargman JM, Oreopoulos DG, Vas SI (1989)
Subcapsular steatonecrosis in response to peritoneal insulin delivery:
a clue to the pathogenesis of steatonecrosis in obesity. Mod Pathol
2(2):69–74
55. Khalili K, Lan FP, Hanbidge AE, Muradali D, Oreopoulos DG,
Wanless IR (2003) Hepatic subcapsular steatosis in response to
intraperitoneal insulin delivery: CT findings and prevalence. AJR
Am J Roentgenol 180(6):1601–1604
56. Kwun KB, Schanzer H, Finkler N, Haimov M, Burrows L (1979)
Hemodynamic evaluation of angioaccess procedures for hemodialy-
sis. Vasc Surg 13:170–177
57. Lazarides MK, Staramos DN, Panagopoulos GN et al (1998)
Indications for surgical treatment of angioaccess-induced arterial
‘steal’. J Am Coll Surg 187:422–426
58. Wiese P, Eras J, Koch C, Nonnast-Daniel B (2003) Colour Doppler
ultrasound imaging of radial and ulnar artery development and flow
contribution in arteriovenous fistulas. Nephrol Dial Transplant 18:
729
59. Wixon CL, Hughes JD, Mills JL (2000) Understanding strategies for
the treatment of ischemic steal syndrome after hemodialysis access. J
Am Coll Surg 191:301–310
60. Bleyer AJ, Russell GB, Satko SG (1999) Sudden and cardiac death
rates in hemodialysis patients. Kidney Int 55:1553–1559
61. Nasir H, Kumar H, Hussain R et al (2001) pericardial effusion as a
cause of morbidity in patients on maintenance hemodialysis: is it
preventable? J Pak Med Assoc 51(4):146–148
62. Goldstein DH, Nagar C, Srivastava N et al (1977) Clinically
silent pericardial effusions in patients on long-term hemodial-
ysis Pericardial effusions in hemodialysis. Chest 72(6):744–
747
63. Parfrey PS, Foley RN, Harnett JD et al (1996) Outcome and risk
factors for left ventricular disorders in chronic uraemia. Nephrol Dial
Transplant 11(7):1277–1285
64. Hollenbeck M, Krönung G, Krüger T (2013) Stenosen des
Hämodialyse-Shunts. Nephrologe 8:175–187
65. Roy-Chaudhury P, Kelly BS, Zhang J et al (2003) Hemodialysis
vascular access dysfunction: from pathophysiology to novel thera-
pies. Blood Purif 21:99–110
66. Nayeemuddin M, Pherwani AD, Asquith JR (2013) Imaging and
management of complications of central venous catheters. Clin
Radiol 68(5):529–544
Insights Imaging (2014) 5:603–617 617
